Abstract -Ethanol is a widely used chemical in the industry which can be volatile and flammable. However, the availability of optical sensors for ethanol is still in its maturing stage. In this project, a tapered multimode fiber optic sensor for detection of ethanol with different concentrations in water was developed. The working principle of the sensor is based on absorption spectroscopy in the visible wavelength ranges. The tapered multimode fiber was fabricated using Vytran glass processing workstation to achieve waist diameter and length of 40 11m and 20 mm, respectively. Upon exposure to ethanol concentrations of ranges 5% to 40%, the developed fiber sensor absorbance increases linearly. The sensor shows fast response and recovery as low as 14 s and 27 s, respectively.
INTRODUCTION
Ethanol is a colourless, volatile and flammable liquid. It is mainly produced by fermentation of carbohydrate or by hydration of ethylene. Accurate measurement of ethanol concentration in water is very critical in many industrial applications. In bio-fuel application, the ethanol purity must always be maintain at least 93% [1] . Ethanol is also one of the popular organic solvents used in pharmaceutical industries and therefore, needs to be purified due to its high demand [1] . Development of simple and sensitive sensor capable of direct measurement of ethanol concentration in water is of great importance in this context. Optical fiber sensors are very attractive owing to its high sensitivity, immunity to electromagnetic interference and remote sensing possibilities [2] [3] . Optical techniques for ethanol detection using coiled fiber-optic sensor based on evanescent absorption spectroscopy [1] and a surface Plasmon resonance (SPR) [4] have been presented.
Recently, tapered fibers have received much attention in the area of sensors [5] [6] . A tapered fiber is an optical fiber in which the cross-sectional diameter varies with length [7] . In a tapered fiber, high portion of the evanescent waves travel in the cladding area and therefore it is more sensitive 978-1-4673-6075-3/13/$31.00 ©2013 IEEE to changes in the surrounding medium [8] . In this paper, intensity modulated multimode tapered fibre sensor for ethanol concentration monitoring is proposed and demonstrated. The sensor is based on evanescent absorption spectroscopy. A simple and sensitive multimode tapered fiber sensor based on absorption measurement was presented, for determining ethanol concentration in water ranging from 5% to 40%. The sensor shows strong absorption responses. These types of sensors are highly sensitive, simple and can be used to performed accurate measurement of ethanol.
II.
THEORY Fiber optic cables are conventionally used for high speed data transmission. Light is transmitted along a fiber optic cable using the principles of total internal reflection (TIR) [9] [ 10]. Even though light travel along the fiber by TIR, some of the energy penetrate in to the cladding. This phenomenon can be exploited for evanescent wave sensing of the medium surrounding the fiber, as the optical and physical properties of the medium can affect the evanescent field thus causing changes in the transmission and absorption spectrum of the transmitted light. The intensity of the evanescent field decays exponentially from the core cladding interface and is given by the following equation: [9] E -E e-X/dp
Where x is the distance from the core-cladding interface, Eo is the intensity of the incident radiation, and dp is the penetration depth which is related to the incident angle e, refractive index of the core nco and cladding nc/ and wavelength.A. of the light source is given by:
In a tapered fiber, the energy of the evanescent field can interact directly with the analyte. The loss of the output power depends on the concentration of the analyte. The intensity of the transmitted light of the tapered fiber that is immersed in the absorbing liquid is given by the relationship: [11] (3)
P is the intensity of the transmitted light with the absorbing liquid and Po is without absorbing liquid. C is the concentration of the absorbing liquid and L is the length of the tapered area, the length is constant. y is the absorption coefficient. The absorbance of the tapered area is given by: (4) we have:
Equation (5) shows that absorbance, A depends directly on the concentration of the absorbing liquid, the length of the tapered area and the wave absorption coefficient.
Ill.
EXPERIMENT A standard multirnode fiber with core and cladding diameter of 60. 2 /lm and 125 /lm respectively was deployed to fabricate the tapered fiber. Tapered fiber was produced using VYTRAN glass processing workstation (GPX 3000 series). The tapering of the fiber was done by placing the fiber between the two fiber holders. The area to be tapered was positioned above the filament clamp. Taper parameters were determined using proprietary operating software. The transitions and the waist lengths were set to 2 mm and 20 mm, respectively. The waist diameter was set to 40 /lm. This is illustrated in figure 1. [5] Ethanol with different concentrations was prepared by adding appropriate amount of distilled water and then stirred rigorously. The percentage of ethanol in water was varied from 5% to 40%. The experimental setup for the sensor is shown in Figure 2 . It consists of tungsten halogen light source (HL2000 Ocean Optics), spectrophotometer (USB4000 Ocean Optics) and a personal computer. The spectrophotometer is connected to the computer system via a USB port; data was collected using spectra Suite software. The tapered fiber which acts as the sensing probe was then immersed in different concentrations of ethanol.
IV.
RESULTS AND DISCUSSION Figure 3 shows the image of the waist diameter of the tapered fiber as captured from the CCD camera of the Vytran. The fabricated taper waist is generally uniform as can be seen from the picture. The inset shows the transition region with adiabatic transition. Figure 4 shows the evanescent absorption spectra (500 nm-850 nm) of tapered fiber expose to different ethanol concentration. 
Wavelength (nm) Figure 4 . Absorbance spectra of tapered fiber sensor with varying ethanol concentrations.
As the ethanol concentration increases from 5% to 40%, it is observed that the absorption increases correspondingly. There is a correlation between change in ethanol concentration and increase in the absorbance spectra in the wavelength range of 500 nm to 580 nm . The absorption peak around 600 nm is believed due to OR over-tone of the solution and combination tone of OR stretched absorption centred around 3500 cm-l [12] . V. S Langford et aI, suggested that excitation of higher overtone and combination transitions make water absorption to be weak at wavelength higher than 400 nm. The valley around 740 nm is also caused by induced absorption of water [13] . Figure 5 shows the response of the tapered fiber sensor towards different concetrations of ethanol in water measured over wavelength range of 500-800 nm. Absorbance changes increases progresively with increase in ethanol concetrations. The absorbance suffers a base line drift upwards as the sensor did not recovered fully to its initial base line, it however maintains equal base line during sensing. The tapered fiber response time and recovery time induced by 5% ethanol concetration in water was measured to be 14 s and 27 s, respectively. For the overall concentration changes of ethanol, both response and recovery are less than 35 s.
V. CONCLUSION
A simple sensor is proposed and demonstrated using a tapered multimode fiber towards different ethanol concentration in water. The sensor absorbance shows a linear relationship with ethanol concentration in range of 5% to 40% in water. The sensor is charaterised by an excellent dynamic perfomance with both response and recovery time of less than 35 s. The study shows the sensor will find application III determining percentage of ethanol concentration in water for both on-line and remote sensing applications.
